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The Difference Will Be Found In the 
Performance 


Foi ten years the Glenn L. Martin Company has been 
manufacturing Superior Aircraft. An organization of 
pioneers in the industry, the Glenn L. Martin Company 
puts the mature technical knowledge born of ten years ex- 
perience behind every Martin airplane. The well-known 
ability of Martin airplanes to deliver maximum performemce 
over em indefinite period of time is proof enough of the 
fact that 

Super-Quality Is Built Into 
Every t^Iartin Airplane — 
built in with the tools of Expierience in the hands of 
Knowledge. 
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T ^he LANDING GEARandTAIL 

SKID, shown above, attached to an' 
/AJER0M4RSWE35>"S’’IJYDR0. a number 
of'vdich the Navy are offeringfor sale at 
S>5000— each, make a fastflyiny.sloxu 
landing, reliable aeroplane procur^le at a 
\ery low cost; an esMcellent machine for 
pa,ssenger carTgying. This Landing Gear & 
iTMSkid complete isbeim furnished by the 
^Aeromarine Plane and I^tor Company, j 

Keyport, N J.,for $ 350 opEOB. Factory iPnapt. 
deliireries can be made on a few sets of this ^ 
equipment. 


VtATlON 


M>r 1. 


ECONOMY 

Passenger carrying aeroplanes are being used by two hundred companies 
throughout the United States and a large majority of the pstssengers car- 
ried are first (lighters. Most of the machines now being used accommodate 
one passnger and pilot. 

You can add to the interest of the trips of those first (lighters by enabling 
them to go up two at a time, increase your revenue 200 per cent and 
decrease your running expenses 1 00 per cent. 

The Farman Tourabout offers this doubly valuable feature to passenger 
carrying companies. 

Additional to these economical features is the fact that it can land and “take 
off" from a much smaller field than practically any other type of three 
place machine, and safety is one of its outstanding characteristics. 



Tht FA.RUAN tknt-pwenger "TovrabcMf 
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There Is No Seaboard for an Airship 


liikl , I 


si 


I N every kind of transportation used 
today, where goods and people are 
transferred between continent interiors, 
there is a break, a halt, at the seaboard. 
Here it is necessary that freight and 
Pullman car loads be changed at great 
terminal docks to become cargo in giant 
ocean ships. 

When the sea barrier has been crossed, 
the cargo again is shifted, so that with 
the expenditure of infinite pains, energy 
and time, a journey is completed. 

0 0 0 

There is no seaboard barrier for an air- 
ship, no labored shifting of cargo; for as 


long as there is air above earth and sea, 
its track is laid world wide. 

Picture, if you will, luxurious airships 
making scheduled non-stop flights from 
Chicago to London, to Alaska, to Rio — in 
two nights and a day. 

Was there ever packed into an old tale 
more marvelous story for the millions 
than in the accepted possibilities of this 
modem phantasy? 

In Akron, Ohio, at The Goodyear Tire & 
Rubber Company, is a set of men, aero- 
nauts, skilled, experienced, who believe in 
the immediate utility of the airship. Are 
you interested ? Would you know more ? 
Will you write? 


Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane 








HAU-SCOn MOTOR CAR COMPANY/goS'^ 


HALL- SCOTT 

PremieK Airplane Power Plants for Aerial Mail or Passenger Carrying Service 


Cliff Durant starting upon first aerial mail servire between San Francisco and Los Angeles. 
One stop was made at Bakersfield: the actual flying time between the two cities was 4 hr. 
and 30 minutes, a distance of 420 miles. The return trip was made without any adjustments 
or trouble whatsoever. 


niiistrating Hall-Scolt L-6, 200 II. P. power plant as installed by our Engineering DepL in 
Standard J1 airplane. Note exhaust manifold, muffler, emergency gasolene tank, radiator 
mountings with shutters, etc. 

Every detail has been properly worked out by us. Blue prints and necessary parts can be 
furnished to any Ilall.Scott customer on application. 
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Aeroplane Crankshafts 

WYMAN-GORDON COMPANY 

**The Crankshaft Makers” 
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AERONAUTICAL ENGINEERING 


ALEUBSES KLMOH 


UDJ8LAS o'OBOT 


OIOBQS }<XWBOLS 


I N consderiag the poesibilitj' of ad Amerioaa maehise 
enteriiig for the Gordon-Beimott Cnp Race, AmeiicAn de- 
signers beve been diseonraged by the fsot that no Amer- 
' an air-cooled en^nes of large power are available. 

Whether this is indeed a serious drawback, is a question of 
.<me donbt. While a large air-cooled engine gives the 
signer high power for light weight, ita projected area and 
:'io reMstanee of projectile parts is very considerabte. 
urthennore its ability to maintain its rated maximnm power 
r any considerable period of time is questionable. 

It ecems quite possible that a clever design, round the 
'iiall, eamly streamlined Wright-Hispano, or the Curtiss C-12, 
nuld, while looking poorer on paper, otfer a very good 


Gasoline Connections 

In the earlier stages of the entry of the United States in 
iie war, a well known training plane fell into considerable 
• isrepnte. Though sturdily constructed and with good flying 
l.ropcrties, its disrepute was due to engine failure, and a oer- 
isin well built four cylinder engine came in for the greater 
■.Imre of the blame and general popular disfavor. Many well 
informed pilots and niechanies are of the opinion, however, 
that neither the genernl design of the plane, nor yet the 
I iigine, were responsible for the dilhculties, but simply a poor 
engine in.stallation and poor gasoline connections. 

Gasoline connections responsible for endless troubles and 
=*nou8 accidents pi^nt a mtuation which should never 

perimenta by the Army Air Service on gasoline connections 
are of considerable value, which is still enhanced by the fact 

The most suitable type of flexible connection for a gaaoliae 
line is one made of hi^ grade rubber, resistant to the action 
of gasoline and provided with a metallic nipple between the 
Mills of the pipes to be joined in order to prevent rubber 
from flaking into the gasoline line. 

Dcflnite infoTmatiMi of this character on essential detmls 
is perhaps of greater value to the industry than the most 
profound and exhaustive aerodynamical researches. 


The Use of Duralumin 

Considerable interst is at the present moment exhibited in 
the use of duralumin in airplane stiTOtuns. Designs 1^ 

ilireetion, and also emphamxe the fact that the specific tensile 
strength of duraluicin is so high. On the other band, anrpriee 
is expresed in some quarters at the fact that duralumin is 
being employed to so small an extent, and that wood is still 
used for the most part. 

To these coutentioru it may be replied that constructors 
may find that duralumin is not qnite as promising as at first 
appears to be the case. To begin with, the sourcee of supply 
in this country are very limited. Then, the material obtained 


is not yet of uiflforre quality and is still subject to eonml- 
erable variation in both tensile strength and elastic modnlna. 
The width of sheet that eau be rolled is also limited. Neither 
welding or soldering being posable with duralumin, tile 
problem of aoaJl rivets is a very serious one, both from the 
point of view of production costs and security in manufacture, 
The drilling of a hole may soften the duralumin, The rivet 
which does not fill op its hole completely, may be a serious 
cause of danger under vibration. Finally the cost of worhiiig 
duralumin parts in email qnsntitites is certain to be far 
greater than that of wooden parts. 

It will be thus seen that the use of duralumin in aviatbin 
in^-o]ve8 some very serious problems, several of which hove 
not as yet found their solution in a manner authorizing tbs 
employment of this alloy in current airplane construction. 


Airship Engines 

In a recent paper before the Royal Aeronautical Society 
of Great Britain the lecturer emphssized the fact that airship 
engines have pecnliarities of their own and that engines which 
are perfectly satisfactory for other services are not nocessardy 
suitable for airship work. , 

Yet, the special requirements which Major C. F. Abell -n- 
dicated for the airsiiip engine apply with almost equal foitie 
to the airplane engine for use on the commercial airplane. 

The advocacy of a single line engine of six cylinders, as 
giving greater accessibility and a amplified exhaust piping, 
would be equally sound for an airplane engine, and a >rix 
cylinder vertical engine finds much favor among alrpline 
deAiguers. 

The cylinders should be made separately and should be 
interchangeable. Surely nothing more pleasing could be 
provided for operation in the field. The valves of airship 
engines should, according to the same authority, be fitted in 
the head of the eylindera and operated by overhead rockers, 
so that timing is not interfered with by the removal of a 
cylinder; this differs in no way from the consensus of opinion 
regarding airplane engines. 

Inspection doors in the upiier half of the crank-case, large 
enough to allow pistons and connecting rods to he remoi'ed 
without distorfaing the cylinders, are an ideal feature espec- 
ially where cylinders are at all hard to remove. 

Magnetos should all be arranged to rotate in the same 
direction to simplify the carrying of spares. General acces- 
' sibility is considered highly desirable. A dry sump is advo- 
cated for the lubrication system. 

The paper confirms altogether an opinion often voused 
namely, that the airship engine will not be fundsmentsliy 
different from tlic airplane engine. While for military par- 
poses weight limitations are rather more important for the 
airplane than for the airship in commercial aviation, the 
airplane engine will inevitably progrees oa the lines of greater 
reliability and is more likely to approach' the somewhat 
greater weight of the airship engine. 



The Orenco Type F Tourister Airplane 


Bgin^ befrinnijr ti 

th« type F pinne i 


mereial desi^ of the Ordnanee Engineering Corp. ; heretofore 
the aircraft depertmeat of the eotnp&ny has bera esctnaicely 
— «a«ed in eopplying airplanes to llie United States Kovem- 
en^ bat «.-biie still bnildingr late types of military ureraft, 

orifpnal sport and eonunercial 

.-r- - r •— s exhibited at the New YoA 

Aero Show in Marrli, some doubt was expressed as to whether 
the 150 hp. engine woald be snfiicient for a four-seater plane 
with side-by-side seaiirtff, The plane was first tested vritb 
pilot alone and found to possess marked stability, qnick climb 
and plenty of reserve power. Farther testa were then made 
with one, two and three paasengera, and in each case the 
same even stability and senaitive resi>onse to controls was ob- 
servable. In one test with four aboard, and full fuel load, 
the plane rose from the ground after a run of about 200 ft. 
On another test with three aboard, the plane wws flown at 
full s{>eed parallel to the ground at a height of only a feu* feet 
and althiiUEli a gusty wind was blowing at about 25 m.p.h,, 

eally no movement of eonlrola. 

There an* no eontrols in the forward seat snd the two front 
passengers have niiij)le mom. In the rear cockpit the dual 
aide-hy-side eontmis allow either of the two occupants to 
handle the plane. The eontn>l arran^ment is well suited for 
instruction, for tlir |iilot is close to bis pupil who ean sec just 
what the pilot aloes thnaughout the flight. The close proxim- 
ity of instnietor and pupil makes vaxvtl comment possible, 
thereby doing away with the sign-language inaatmction 




The R. A. F. No. 15 wing carve is used. The wing ehord ia 
5 ft, and the span of both upper nnd lower 38 ft. 

Tlie wings nre bnilt in four main panels in addition to the 
renter panel whieh la 44 in. wide. Upper and lower panels 
nre similar in all respects. The gap between wings is 5 ft., 
diliedral, upper and la>uer, 1.6 di^. ; incidence. 2 de«. 

Ribs are bnilt up with grooved spruce battens and basswajod 
welis lightened between spars. All ribs are identiatal through- 
out and are equally spared 12 in. apart. Internal compres- 
sion members between spare are square section spruce, tap- 
ered. Internal wiring ia with solid No. 10 wires and tum- 
buckles. Ilrift wires arc doubled in two inner bays, while 
anti-drift wires are single. 

The leading edge is of semi-oval section spruce. The spare 
are of apruee, channelled to I section between compression 
and wing struts. The trailing edge is of light Shelby steel 
tube, attsebed to the ribs with sheet oopper strips. The wing 
ends are of laminated spruce. Balsa wood is need to ronnd 
out curves where strength is not required, and mahogany 
veneer 1-16 in. thiek is employed on top of wings from lead- 

throughont. All wo^ |iarts are coated with Valspar varnish 
to protect them from moisture; metal fittings and wires are 
enamelled to prevent corrosion. 

Best grade A Irish linen is used for wing covering. The 
fabric is sewed on and bonnd with protoetive tape in the 

varnished and enamel applied in any desired color. Valen- 
tine’s special grey is used nnless othowise specified. 




fFing Tnutinf 

The interplane struts are all rimilar 
caption of a variation in length to provide fc 

in gap between front and rear sparr 

tion is 1V4 in. by in. Upper ei 

are 3 ft. 4 in. apart Intermedia 

5 in. from center line of plane; from these the oni 
ere spaced 3 ft., leaving on overhang of 3 ft 6 in. 

The strut flttinge consist of sn cyc-bolt running through 
the cable plate and wing beam; another bolt running through 
the plate-fitting close to the incidence cable does not pierce 
the beam. The struts have a sheet steel plate fitting 

slot to receive the eye-bolt. This fltUr- 

of the stagger. 

All cables are 5-32 in. in diameter; 
bled. 

Incidence cables are eliminated in .... 

sing, so that ewre necess to the front cockpit 
Drift and anti-drift stresses are taken care of by a pair 
inclined steel tube strata running from the center section 
the fuselage. These tubes have solid steel adjustable forked 
ends and are faired with balsa wood, wrapped with linen. 

Four drift .tables run fr— ' ’ " 

tor, to the ends of the 


The radiator U supported on the sheet-steel engine pUte. 
Engine bearers of laminated ash are supported on the enffne 
plate and two veneer bnikhcads. Steel tube braces are nm 


flying cables a: 

r section t: 


aft of n 


FiumUge 

radiator face to stem-post, 
3 ft 8 in.; width at cockpits, 


The length of the iuaeloge, fix 
ie 21 ft 5 in. ; maximum depth, 

3 ft 8 in. The centerline of propeller shaft 
low the top of upper longerons, to which it is parallel. At 
the stem, the fuselage temiinaUe in with a 14 ia. steel tube. 

When in normal night position, the top longerons are 6 
ft 8 in. from the ground; in this position a line from wheels 
to skid makes an angle of 12 deg. wiUi the ground line. 

The longerons are in. square ash from the radiator to 
the rear of the cockpit ; V/t ><>- spruce aft of rear seat. Cross 
and vertical members are of spruce, cross tied with soUd piano 
wire, No. 8 forward of pilots set No. 10 aft. “ ‘'• 

they are all tapered 

at ends. 

Muminium oowls. No. 20 gauge, 
the cockpiu and from radiator to 1 
Ventilating louvres are — ‘ 
farce the fuselage on the 

embers, but elWhcre grade A linen ooveri^ is need. All 
> in the rmon of the engine are provided 

i “--bed with easily removable 

h copper "aafety” wircL 
~ ’nlongitud- 


8, drilled ai 
-eek ie built up of light spru 
,, support o- ”-v— -- — 



of mahogany-bireh-mahogany v, 

provided for sente and backs. The safety belt straps are .mr- 
ried down by means of % steel ribbon to one of the heavy 
longitndina! n ’ " ’ ’ . 


near the lower longerona. A contina- 
11 separates the engine section frem the 
fcer located between top longerons and 


front cockpit. A locker 1< 
the curved cowling will bold about 2.6 cu. ft. of contents. 

The floor is of three-ply veneer and rests directly on the 
It is seenred to the Istter by lightened 


ESS"' 

Wind shields of transparent ceilnloid are built up ’vith 
aluminum frames. Tbo rear shield is designed so as to per- 
mit unrestricted vision over the sides in making landings. 


indicating up tt . . - 

Altimeter with cere mark adjustable with s< 
dieating up to 25,000 ft. ; an 8-day Waltham watch ; and oil 
gauge and a Boyeo distance-typo thermometer for enpoe 
water temperatnre. All instrumenU have “radium” diaJa 
The throttle oontrol lever is at center of the instrument board 
so it cnav be operated from either right or left seat. The 
carburetor altitude adjustment lever is at tbs right land 

'°^r’°eartiDg, a Dixie Type 800 magneto U used. It is of 
the same construction as the larger magnetos and is mouated 
in front of the pilot's instrnmeot board. The engine is 
primed through the pet cocks on the intake manifolds and 
turned over compresmon on about three cylinders by the pro- 
' iT. The meehanieiao stands aside and the pilot pnU the 
ion switch on and turns the starting magneto by hand, 
gives a shower of sparks into one of the running mag- 
netos and ia transiiutted through the carbon brash to tbs 
spark plug of the particnlar cylinder the engine happecs to 
be stopped on. This starts the engine if the mixture is correct 
and all ot*— 


mteraal fuselage wiring. 

Control cable openings in the body are protected by heavy 
pig-skin slots stitched to the linen fabric. To faeilitato hand- 


The vriieel tread is 6 ft 6 in. and the whads 26 In. by 4 in. 
The axle is IV^ in. in diameter with 3-16 in. waU. Tbs axle 
ia located 1 in. aft of tbs lower wing leading edge. The cihaa- 
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dinet to SDido polIeyB vliidi Ie>d 
lEversa abaft beenaga, from whieb 
the body. ~ 


of npper e 

at the center „ ... 

■ whipping of the eablee. 
The elevator cabiM mn direct from control atiek lavera to 
pair of rodder 
cables are run independently from each foot bar, using four 
cables in all. Fibre cable gnidca are bolted on the under 
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LS of the rodder a 


II wrapped and welded to the frama The fin 
s 3 ft-e in.; the height, 2 ft,-9in. The fin stem- 
a steel tube which continues down and fits into the 
fuselage termination. Tube bmree run from the 
o points 9 in. from the top of the fir. Maximum 
'ght, 4 ft.fi in.; width, 2 ft 

_„s.with^^^ 
riba. The overall span, at rem-'rf^7is the 

3 ft .4 in. It is supported from below by means of steel brncte 
at Its forward main beam end solid wires at the rear. The 
elevators are 2 ft-8 in. wide and measure 10 ft 10 in. from 
tip to tip. 

TaU Skid 

The ash tail sldd 
Ita upper cods an 
anchored to steel rings rnoning through the npper portion of 
the solid veneer bulkhead at the station nearest the stetn-po^ 
A steel cable limits the stretch of the rudder and a singie 
length of rudder cord to the lou'er longerons absorbs the re- 
bound motion. Rawhide lacing is used to tie the rodder cords 
together. The lower cod of the skid is shod with a snbstan- 


?d on a universal fork bearing. 
I % in. rudder cord, which is 
g tbro^h I 



^re and stroke U 120 mm by 130 mm; the displaciment, 
11,762.16 «n. in. The weight of the en^ne complete wito 
hub-flange and bolts, carburetor and two magnetos, but with- 
out radiator, oil, starting magneto, propeller or fuel system 
IS 445 lb. 

A Zenith type 48 D. C. carburetor is used. Air is led to the 
carburetor by means of a megaphone duct behind the water 
radiator. The mixture proimrtion delivered by the Zenith is 
subject to a slight variation in passing from sea level to about 

3.000 ft. altitude. By moving the altitude adjustment lover 
at the side of cockpit, the mixture can be corrected for atout 

10.000 ft. altitude. 

The gasoline consumption is 13 to 15 gal. per hr. al 1450 
r.p.m. and the oil consumption, % gal. per hr. The main 
fnel tank is under the front seat and hns a capacity of 27 gaL ; 
a gravity tok is mounted in the center sortion and lijids 8 
gnl. The oil tank is below the flooring of the forward cock- 
pit; its capacity is about 4 gal. 

A propeller-driven gear pump on the right hand chassis 
member pumps fnel from the main tank to the gravity tenlf 
A copper feed pipe with shnt-off valve leads fuel to the car- 
buretor jet. Ovc^ow line run down the two rear center-sec- 
tion struts; glass sight gauges indicate whether the svstem is 
functioning properly. A “Sasco” strainer looated'en the 
lower right hand longeron, under the pilot's floor is interposed 
‘ ■ ‘ •••’*• main tank ami gear piunp, to 


gasoline system between 

keep the fuel free from foreign matt 

A nurtsall walnut propeller, 8 ft. 6 in. in dii 
ith blades wrapped with linen from tips to w 
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The physical and dynamic properties of the different 
Moljlciemmi steels, together with the cbaiacteriatica developed 
by varying heat treatments, are comprehensively treated in the 
catnlugne of tliu Climax Molybdenum Company. 

The estalopne constitutes apparently a very reliable metal- 
'■ •’ new ^oys, and the makers claim ‘ ' 


Molybdenum Steels 

Molybdenum, or Calcium Molybdate, in either of 
the metal is readily introduced into the steel. 
Clinito Feiro-Molybdennm is produced in two 


lineal study of these 
n view of the 


pensive, ir 
by its use. 

Molybdenum o 
under which title 

were known in the eighteenth eontnry. It U a metallic 
reduced chiefly froni the sulphide molybdenite (Mo&), which 
is a n.inerol very similar in appearance to graphite. Moly- 
bdenite and other Molybdenum bearing ores — ' ’ • ' • 

distributed throughout the world, 

The metal (Mo) resembles pistinnm in general physical 
appeaiunoe, although it is darker and possesses a peculiar 
lustre. Its atomic wri^t is 96, its apeeiOc gravity about 9, 
ito spnflc hea; about .07, and it melts at about 2,560 deg. 
Cent. Despite the very high melting point of metallic Moly- 
bdenum. it alloys readily with iron, the ferro-moiybdenum 
having a melting point of approximately 1,470 deg. Cent It 
resisU most acids and chemicaJs to a marked degree. 

While Molybdenum bearing ores are found widely dis- 
tribott<d, the metal up to relatively few years ago was classed 
as serai-rare or semi-preeious as no deposits of real commercial 
magnitude bad been discovered. 

A few yeare ago, the Climax Molybdenum Co. acquired pos- 
session of a deposit of Molybdenum sulphide (molybdetote- 
MoSi) at Climax, Col., northeast of Leadyillo. This ore body, 
by far the largest known, is of soeh extant and magnitude as 
to make Molybdenum eommereially available on a scale suf- 
ficient to meet all requirements of Uie stool trade. 

le flotation miU, at Climax, to treat the crude ore, has at 


olybdennm is produced in two gradni. both 
sining 60 to 60 per cent metallic Molybdenum, the “Regu- 
uu grade is guaranteed to contain a maximum of 2 per cent 
carbon nnd the “Special” 6 percent. The former, as th<! name 
irapliea, is generally used. Both ore characterised by a tow 
percentage of impurities and great nniformity. 

Climax Calcium Molybdate contains about 42 percent metal- 
lic Molybdenum, the balance being lime. There is no free car- 
bon or sulphur. 

Dmielopmeiu During the War 

MdIv- 1 .'^° Sf^inl demands of war a steel possessing higher 

widely pbymcal properties than was heretofore commercially available 


end U 


impure oiioys of Molybdenum whieh have tola 
for by the fact that mebaiu^- 


oal research received little encouragement bu. 

Molybdenum was classed as a decidedly rare 
sncii not available in commereial quantitiee. 

Daring the war and since, many score t! 
various types of Molybdenum steels have bo,,, 
the open hearth, eleotrie and eruoible practice, the greatest 
the basic open hearth. Thu prop- 
. Molylaienum 


portio) 


having been made in 
.. -.(^joetion foi 
ore likely to pro 
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tbot (be brittleness is not only not incressod bet setnsJly de- 
cmisM. (be Krsatnr tongtmess being shown by the higher 
elonention ana mdaetion of area. 

ol MolybiUitiM on Nidul Sud 
The addition of Molybdenum to nirkle steels containing no 
ebromium renlts in markedly increasing the elastic limit, and 
the toughness and ductility for given elastic limits as measnred 
by reduction of area and elongation. This effect is particnlarly 
pronounced when the steel is drawn at higher temperatnces. 
The Nickel-Molybdenum steels are cliaraeterized by the 
greater ease with which dnislied products can he made there- 



Tile makers claim the following general properties: 

Hent Tnatmcnt . — Molybdenum steels, as n class, arc re- 
mark ible for the wide temj>eroturc miige in which they ran be 
troatwl without detriment to their physieal properties. 

In spite of the extremely wide range in qocncliing temper- 

made within a quenching range of as much as 300 deg. Fafar. 
have also sbowii practically the same uniformity of results. 

Driivinff . — lo drawing, the tem]>erature to which Holy- 
iKlenupi stools are heated — to develop properties heat suited for 
most general usage — are higiter and the variation in ph^ical 
propertiea for given temperature difference is smaller r han in 
the case of anj other alloy stool. 

The wide quenching range and permissibly higher drawing 
lempcialnres, with the deereased variations in properties for 
given Ictnperalure changes, mean less eostly insiMwlinn and 
fewer rcjoetioiis- 

couiwc of manufacture, due, in largo part, to thu depth hard- 


ening effect of Holybdenani (which, among other things, per- 
mits the quenching of iiragnlar salons with a minimum of 
warpage) and also as a result of the permissibly higher draw- 
ing temperatures which relieve quenching and forging strains. 
The conuuereial value of this, partienlarly for oil hardened 
parts, as evidenced by the permissible machining limits and 
the particular eliminaOon of straightening operations during 
manofacture van hardly be overestimated. 

Mocttinainlitg . — For given elastic limit values, aetnai shop 
piaetioo has shown that the molybdennm steels macliine 
ea-sily. 

TuHffhneis . — The tonghness of the various types of Moly- 
bdeniun steel is measured by their higher redaction of area for 
given elastic limits, their ability to resist shock, as measnred by 
the Irod inaebiDC, which arc greater than in any other alloy yet 


Deptf Hardening.— It u 


eated St 


n that physical 
r physical propeiti 


•oper- 


the » 


of the piece. 

Molybdenum steels, while thcii 
naturally affected by increasing sise, are remarxaoie in misl 
the **eUcct of section” is very much less pronounced than in the 
case of other alloy steels. 

The conunerrial advantages of this sre evident — not only is 
the mital in a more nniform condition throu^ont, permitting 
deep cute to be made with minimum decrease in unit strength, 
but one type of steel is adaptable to more varied “part sizes, ' 
thus making for simpliflvation in specification of materials. 

>'thrc — nractice has also shown that the inclusion of Moly- 
bdenum rosnlts in n steel exceptionally free from the so-cail^ 
“fibrous stmeture," this being one of the reasons for its ex- 
tensive use in armor plate daring the World War. 

Orvat dynamic toughness and “life” are imparted to steel by 
(he addition of MolyMennm in fractional percentages. Final- 
ly, ability to resist shock and alternating stressee conducive to 
fatigue IS eharncteristic of the various Molybdenum steel 


Work of Medical Division, Air Service 


The War Department authorises publication of the following 
from the ofitce, Director of Air Serviee: 

Two medical developments achie^'cd during the war were the 
establishment of a separate braneh of the Surgeon General’s 
Office to investigate and handle the medical problems peculiar 
to the Air Service and the developiaeot of that specialised 
medical officer known as the Flight Surgeon. 

The question naturally arises as to wby there should be a 
special Air Medical Service, or why there should be a Flight 

Surgeon distinct from any -- "" ’ 

swered by the following si 

The medical probicma of aviation a 
fereot from those of any other brand 

The medical care of the flier can be carried out only by aj 
eepceially trained surgeon. 

The advantages of a special Air Medied Service were fln 
demonstrated by Great Britain.^ During the firat yeas o‘ 

lows: Due 
8 per c< 

Great Britain t . . 

Service and specialised on the care of the flier. Tne next year 
the BO per cent (physieal defects of piloU) wea reduced to 
20 per cent, and the following year to 12 per cent. 

When the United Staten entered the war it was decided to 
foUow the adviee of our Allia and select specialists in the 
ssveral branches of medical science, asaigning them to dnt? 
with the Air Service. It was discovered that we knew little 
or nothing about the medical problems of aviation and in 
order properly to investigale these problems tbs Medical Ee- 
saareh Laboratory of the Air Service wai 
Mineola, New York. It was subdivided into ec 

departments an< - - . 

aviation in ita o _ , 
phyaiology, heart and blood veea elt , eye, ear, peyehoU^, 
psyebiatry and physics. 


The most important phase of the work to sttraet atteolion 
was the effect of low oxygen percentage on the eircnlation, 
reapiration, menUl reaction and the eye of the flier. The low 
pressure tank was installed which simulated the almoapherio 
conditions extending from sea level up to approximately 36,000 
fL Later a rebreathiug machine woe developed which was 
safer and simpler to operate. Briefly, (he man being tested 
breathed over and over again the same air with (he imparities 
removed. The oxygen, of course, was constantly dimluiahed 
and the reenlt was Bmilar to that in the tank, for it was early 
found that the important factor in altitude was the decreasa 
in oxygen percentage and that the decrease in abnospberie 
preeeure and temperature were secondary coosideraUana. 

The specialized work of the Medical Division, Air Servios, 
comprises three divisions: The selection of tbs flier, the clss- 
sifleation of the flier, end the maintenance of the flier. Firat 
of all, it was soon discovered that Che standard physical ex- 
amination for eatianee to the Army was not sufficient for the 
Air Service fliers. One of the most important things for a 
Bier to have is good eyce, and by good eyes was meant not only 
eyes that can see well straight uiead, but eyes that, while look- 
ing at one object clesrly, are aware of surreunding objects. 
The eve muscles must be well balanced, so that there is no 
tendency to see double, which tendency beoomm quite manifest 
under fatigue and the strain of high altitudes. The flier most 
be able to judge accurately the relative position of objects. 
This is called stereoscopic vision and it takes excellent slereo- 
Bcopie vision to moke a landing with an airplane. Special 
apparatus for making many of these twta was devised at 
Mineola and used in the sarviec. 

In the aar, noes and throat examination, a normal noee and 
throat are inssstsd upon. Diseased or enlarged tonsils, or a 
badly deflaeted nasal septum whid) interferes with free 
breathing must be corrected. The condition of the ear drums 
must be haelthy. Any perforation of the drnisa, or s dis- 
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c is a cause for rejee 
It is also essential 


must be absolutely n 

of equHibrium, wbieb is a function of the imeini 
normal. This is tested by the tarning chair, whii 


The general pbyeieal examination is similar to that adopted 
for recruits for (he Army except that the standards are more 
rigidly adhered to. In additioa to tbe physical examination, a 
penonaUty study ia made in each case. Tbe objects of thU 

may render the candidate temporarily or permaneutly unflt 
for the service, to form a definite idea as to what extent the 
Bviator will stand (he strain on arriving at the front, and to 
determine tbe existence of any latent tendencies which, under 
the stress of actusl warfare, would become so aceentusted as 
to make him ioeffleient and increase his snsceptibility to 
nervous and mental eollapee. The vital imporUnce of such a 
determination of personality trend and potentialily is seen In 
tbe fact that apart from tbe disability arising from epidemics, 
probably 70 per cent of the cases of lowered effleieney among 
aviators is due to a break, either partial or complete in the 
nervous system. This condition is termed staleness. Tiie early 
rect^nition of the symptoms of soeh staleness counts primarily 
as a means of preventing crashes with their attendant injuries 


r flying the saigeona 
This ia based on the information v 
baa been discovered at (he Medical Research Laboratox: 
means of the refareathing machine. First of all the aviat 
given a genera] physical exanmation, inclnding an examiit 
of bis eyes. He is also given a personality rating. The 
didate ia then given the rebreathing examination, incli 
tests as to the reaction of bis bsart. circulation, rrepintioi 
tention and motor coordination. 

Tbe men are then graded into four classes, as deUrmint 
the needs of tbe aervioa. Clara D men are gronnded, 
being those found totally unfit to fly. Clas C are allow 
fly up to 10,000 ft. Class B are allowed to fly np to 1 
ft., and Class A may fly at any aUttude. 

Combat work is done at very high altitudes, day bon 
at mmierate altitudes, and night bombing and reeonnais 
at low aleitndes, ao that these three classifications mec 
needs of the service. Of (he A. B and C clssses, aboi 
per cent arc rated A, 21 prr eent B, and 14 per cent C So 
by tbese melho’Is, flight surgeons are able to determine, before 
a flyer ever leaves the ground, tbe altilude to which he may 

safely fly. 


The Pioneer Turn Indicator 

By Charles H. Colvin 
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The Junkers Armored Two-Seater Biplane. -Type J. 1* 


from the M,ri» of ti 


of ancertaintjr must exist. The 


naotoe, 


The JnnkeiB is rsdicelJy diAereiit from the DBoal type of 
nirplane, whether eoneiiiered from the point of view of desi^ 
or of actual eonstructioo. (Fig. 1.) 

It is eridenUy a serious attempt to reduce to a minimum the 
dangers due to enemy action while in flight, and i 
Ihe life and endurance of the machine in spite of < 
had weather and to rough handling. To this end the i 
is armored, and aU vnlnerable units, so far : 
gathered within the armored portion. luflanu 
and those which snifer rapid deterioration wh. 
rongb weather, - 

fuselage and nnderearriago being' ( 
tubes. Even the aileron control is without wiring, and carefnl 
search bos failed to reveal any constructional wiring, save 
that of the elevator and rudder controls. 

No information is to hand regarding performance, bnt it is 
known that the machine requires sn exceptionally long mr 
before getting off. 

asNEEui. PASTicoi.aBS avn Dimeksions 
Weiffhta — Figures pointed on fuselage give: — 


Total weight , , 

30 hp. Bens. 

-Two, pilot and observer gnn 

OatalHie Capacity— 36 gal. 

0« Capocity— 10 gal. 

Weight Per Horsepower — 19.9 lb. 
hoaUng Per Square Fool — 8.66 lb. 




is si ”2® 

Hoclseou: arec^ fuselasc... 
Verti<^ ^ foBclese 


Ul 


General Design — The upper plane has a large center section 
(reotangnlar except for the cut-away portion over the pUct’s 
bead), which U strongly braced to the fuselage by means of a 
system of steel tube etruU. The leading edges of the upper 
planes are set back at an angle of approximately 6 deg. fpjm 
the line of the center section leading edge, bnt the trailing 
edges are at right angles to the line of ^bt for by far the 
greater part of their length. 

The lower planes follow more or less the same plan, but the 
lower center section is very mnch smaller than the npper, and 
is bnilt np in one unit with the undercarriage. To this unit 
the fusels^ is firmly fixed by short steel tube struts, and an 
aluminum fairing is built around that part of the fnselnge 
which is sdjaoent to the center section’s upper surface. There 
ere apparently two attachments which directly ooople the fuse- 
Is^ to the eeater section nnit. These take the form of lugs 
fitted to the two bottom edges of the octagonal body, midv'ay 


it Besecrch, BrlUsb A 


between the forward pair o. 
bolted to corresponding lugs welded on to steel sleeves, wbioh 
are in turn riveted to two upper duralumin spars of the lo'ver 
center section. The aluminum cowl which bridges the gap be- 
tween ^dy and lower center section is simply a fairing. To 
1 side of the lower center section is fixed a side plane, wbieh ^ 
in plan view from both front and rear toward the lipe. 
damaged condition of the machines under examination 
has prevented absolute certainty on the queetion of dihedtal, 
but there ore exeellcnt gipunds for believing that the front 
view of the machine approximates very closely to the tme 
disposition of the planes. It wifi be seen on reference to Jiis 
view that the upper surface of the upper wings is horisontal 
as in the D-7 Fokker, and on this point there is hardly any 
doubt. There is undoubtedly a dih^ral on the lower planes, 
but the exact angle of dihedral is a matter of estimation. The 
angle given in the drawings, vis., 3 d^., is probably very near 
the truth. It will also be noticed from the scale drawings i hat 
the angle of ineidenee has been estimated at 3 deg. for t>oth 
upper and lower planes. 
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The planes an fa 
made esSdeoCi; gl 
wire bneing. 



Seetiona drawn to scale are shown in Fig. 3. There is a good 
d^ of siniilarity between the Jtmkeia and the Fokker aero- 
foils, bnt it most be remembered that the Junker wings are set 
at an appreciable angle of incidenoe, whereas the Fokker planes 


If'ing Ctmttmction 


V. i. _ ejs. i _ ^ ^ 4. I j 

II I i f T I 


a are eonatmeted ea- 
, A description of the 
le upper planea will explain 


drat 


Each upper plane contauis ten spars of dnrslt 

iting the aileron tube. Pig. 3 

- 1 of the 


spars, and the 
, including the 



Fic. 3 JrKKtns Wruo Stcnoxs 


- - The tubular spars aj 

each other fay moans of smaller tubes, also of dc . 

The exact system employed is shown in Fig. 4. It will he nu- 
tieed that steel sleeves are riveted at intervals along the epais, 
and that the bracing tubes are flattened out at tbe eoda and 
riveted to smalt, flat plates welded on to the steel collars. 

The constructional methods already deeeribed as being found 
in the upper planes are followed throughout both wings and 
center sections, except that toward the tips Che place of the 
bracing tubes is taken by strips of doratum^ longitudinally 
grooved to resist bending strains. Pig. 4 (7) shows this, and 
also makes it clear that the steel coUara to which the fancing 
tubes are riveted are not found where strips are employed. 
Some of the wing spars are spliced, a Cube of larger diameter 
being joined to one of smaller diameter by being pressed into 
a square sectina and riveted in place, h'ig. 6 shows how two 
portions of equal-sized tube are joined by means of a steel 
eollar. 

Tbe wey in wbieb tbe wings are joined to tbe center sections 
is simple and effective, tteferenee to Fig. 4 (8) shows that 
each of tbe span is fitted with a steel sleeve wbieb fits tnmde 
tbe duralumin tube and is riveted in place. One sleeve carries 
a threaded collar, beveled, as shown. The opposite spar has 
a similar internal liner of steel, riveted in place, and a loose 
intemallv threaded steel collar. Tbe end of the liner ia beveled 
to take the bevel of the opposite spar. Thus, when the bevria 
are fitted together and Iba collar screwed on to the male ‘bread. 
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between Ibe two is preemted by smingine thst their opper 
utremicies fsU on different chords (see front view, genenl 
arrangement diswings), 

S. Stnits conneeting the lower edge of the fuselage aide to 
0 tbe lower plane to which the ondercarrisge 



sheet is bridged by two duralumin ebaunels, riveted at tbe 
front (o the oorrngated sheet, and at the rear to tbe tubes. 

This eanstruetion is repeated in the next bay, and at tbe 
rear tbe pair of hotixonlai tnbes are firmly attacbed to the 
Bternpost. All aU homonlal tubes are of equal length, and 
exposed portions are covered by a flat dmalnmin abe^ sa 


edges of tbe fairing diameter tbrougbout. 


a of eplit pins. The longer tubes at leaat, and probably 

, _rc of 4 cm. diameter and 15 gage. They are joined to the 

span by means of riveted steel collars carrying weldcd^on lugs. 

At the fusel^, tbe strnts finish in foti(.«ads, and are bolted 
to lugs welded to small steel plates Hveted to the amor-plate. 

Fiuelege 

The body of tbe Junlieis is ronstrneted in two distinct parte 
' —a front armored portion, and a rear portion built np of 
duralumin tubes. 

The smored part is buUl of 5 mm. steel plate. Tbe Junkers 
is not an urdioary two-seater machine to which armor has 
been subsequently added, but the armor plate romprises tbe 
fuselage, as would be expected. The various pholograpos 
sbow clearly tbe ehape of the body, also tbe number and site 
of the plate* which ore riveted together- The bracing stripe 
are made of duralumin. 

The armored unit houses the engine, pilot and gunner, and 
the petn>l lank. The vertical cowl surrounding the enmne 
cylmders is of amor plate, and is not a mere fairing. Tbe 
spinner which covets the propeller boss is made of aluminum. 
The armoring is very thorough, ao tliat tbe chances of a bullet 
finding a vulnerable apot are smaU. 

The rear portion of the b<dy is built 
throughout ‘ * " -—.t * j 


.he duralumin 
'b embrace the 
The shape of oni 


in the D-7 F 

have luavlap 
■is function it 


It will be noliee^l 
are flatten<-d at tbrii 
ahelvrs weldtd on to 

end of the tail skid. 

The rear (siriion ol 




utilkhmls of durali 
ill ibc drawing of tl 
■il lower longerons 


rugated duraluiui 
channel - 

dura] urn i: 
collars si 


It will be noticed that tbe longerona axe not of the same 
' throughout, but are spliced toward Ibe rear of tbe 
*y (counting from tbe armored portion). Tbe ohar- 
acier oi the splice is precisely wilar to that employed in tbe 
wing spars described above and illustrated in Fig. S. 

About 5 ft. from tbe sternpost the fuselage drawings indi- 
cate a kind of borisontal grid which is fixed to (be lower 
longerons. This comprises a steel tube structure whicb takes 
no part in strengthening tbe fuselage, but is intended solely to 
provide bandies for lifting the rear part of tbe body of tbe 


Tbe junction of the two parts of tbe f< 


. . .j visible. Investigation from the interior of 
the cockpit shows that a subetential castelUted ateel nut ia 
aorewed over a ateel bolt of about ^ in. diameter, and aeoared 
in plaee by tbe usual spUt pin. It was not poetdble to aseertain 
the exact manner of fixing tbe stud of tbo bolt into the end 
of tba tabular longeron. Only tbe usual riveted steel collsr 
to whicb tbe bracing tubes are riveted appears on tbe outride. 


This is built to 

There are two v. _ 

a supplementary tube is welded to tbe upper extremity of tbe 
forward limb and to a point just below tbe middle of tbe rear 
tube. Tbe vees are parallel and vertical. Tbe shock absorbing 
device docs not present any unusnal feature. Twin coil spring 
ia employed and a doable loop of cable limits the upward travel 
of the axle, while a radius rod controls tbo movements of tba 
axle. It will be noticed also from Fig. 1 that each vee is atayad 
by means of a ateel tuba, whicb conneete the lower part of the 
front limb to (be middle of tbe lower center section, and that 
bracing is entirely al 
'• -rie ia n steel tube 
exposed tubes is 

I, whicb is riveted to transverse webs (also of alnmi- 


Iseed-on fabne. There are 
arranged that the fuselage ends in a vertical 
10 in. long. Cross tnbes are arranged hori- 
” ' ' ' rvals. Tbe diagonal bracing is 

■ the A.E.G. 


and diagiiiisl tubes 
■ ■ ' approximate 

of the deeper 



num), winch are in turn riveted to tbe axle tube. The fairing 
IS, therefore, of the type that rises with tbe svle when tbe 
msebine lands. Tberc are no compression Cubes fitted parallel 
to the axle, since tbe extra pair of tubes already mentioned 
render this unn r ee ma ry. Incidentally, they also eliminate wira- 


tbe box thus formed are two stout 
(nbes, the extremilies of whiofa cor^ beveled steel 
ilor to those on the ends of tbe wing span. The 
ecn tbe duralumin tubes and tbe front corrugated 


'tion of tbe fuselage has already been described 
IS been made of aix short horieontal tabes whieb 
sorew-collaia. The two halves of tbe fixed tail 
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Fig. 7 Vixw or tux Jtjnxxbs Cabik Plake ArrzB rra Crash at Roosevelt Field 


plane are held in porition solely by these joints. Tbe section 
of tbe tail plane is of approximately Che Mme aba^ as that 

in front and three pairs M intervala bri^d.Tod t^ greatest 
depth ia approxiinately 7Vi in- Tbe covering is exactly rimilar 
to that of tbe wings, as riso is tbe internal construction. The 
front spar is not fixed in any way to tbe fuselage, and tbe 
front foot or so of the tail plane simple abuts against the 
fabric. 

The construction of the divided elevator ia very simple. At 
the front ia a doralnmin tube hinged to tbe rear edge of tbe 
tail plane. There are six aneb hinges sltogctbei^three to each 
brif of tbe elevator. The corrugated duralumin covering is 
riveted to tbe spar and is also held together at tbe rear edge 
by rivete. 

Tbe tail skid is a substantial piece of ash bound with fabric, 
pivoted about its middle point and fitted at the lower extremitv 
with a welded steel shoe. The shock absorber consists of the 
usual steel coil spring. The four tubes which carry the tail 
skid are in the form of a pyramid, and are composed of ateel. 
Tbe fairing is of sheet steel welded on, which adds consider- 
ably to the strength of the structure. 

Engine and Engine Mounting 


The engine installed is a 230 hp. Bens, and it U remarkable 
that in such on all-metal type of machine the engine bearers 
are of ash. The bearers have sheet steel supports and are 
braced to the side by means of duralumin tubra of 20 mm. 
diameter. Tbe petrol tank is an idaborale structure of sheet 


brass, built up into tbe form of an armchair and ia capable 
of carryii^ 26 th ' ' f 

the Junkers J-1 armored biplane: 



The angle of incidence of both planes is estimated at S deg., 
the swcepback at S deg. and the dihedral of the lower plane at 
3 deg. There ia no dihedral to the upper plane.* 




SlEMEKS-ScinrCEEIlT Gl 




Si-x Basse & Selve 300 HP. Enqikes. The Overall Span Is lie Ft. 



The Vibration of Spars in Aircraft 


itioaed above ibe amonnt i 
limited Dot odI; b; 
M fact that Coo great - 




npported with ita 
(lying azia vertical, 
and a needle ineerled 
in the free end of the 

t^'eet in 

while a smoked glass 


yond doubt that Che 
natural vibration of 

mth*^ the revolu- 
tions of tbi 
the speed 



reproducj.. 
gr^hieally). 
record is shown at a 
in Fig. 7. Theolamp 

the nodal position, 
via., 4.92 ft. from 
the free end, and 
another record ob- 
tained which is shown 
at b in Fig. 7. 

Now the latter 
graph is a fairly 




t repeated. 

The character of the curve obtained eras enlircly changed, I 
very marked Iiarmonical character being ' 
over, for a given initial amplitude, tl 


the wall hv the mcana shown in Figa. 2 and 3. The end of 
the spar which was attached to the fuaetage. waa n^dly held 
between blocks sreurod by long bolls. Fig. 2 shows 'bow 
. . ‘sekeni 


4-h"V». 

The graph of this 
equation has been 
plotted, and U shown 
m Fig. 4. For the 
purpose of oompax- 
ing it with the pho- 
tographic record the 
graph should be re- 

ing St A. The two 
terms of the ^na- 

that the vibration ia 
the reesultant of tbe 
natnral vibrations of 
be portion of the spar between the Rzed end and the stmt, 
’ " portion from the elnit to tbe free end. Tbe period of 
brations will obvioueiy be different, and the form of 
vibration to be e.vpecled ia that shown in Fig. 5. This, how- 
' ipport tbe equation obtained by analysis. Fig 


6 show: 


n alternative 


- -f the spar a needle 

A in Fig. 3), which pressed lightly „ ... 

plate which could be raised between grooves by 
clockwork not shown in the figure. Tbe spar rode lightli 
steel balls, carried between two braae platee, ' ' 
iU length. TbMe prevented motion in a v< 
eorreeponded to tbe eompresaion ribe in n bniJt-i 

The experimental eper waa 14.76 ft. long, and for tbe sti 
to be at the node of tbe bannonic of tbe third order, it must 
14.76 4.92 fL from the free end. In tbs 


Ic^ii^tly oi 

t-np ^rin^. 
d tor tbe st 


! length (h,) of the longer portion 
10.25 ft. and that (\) of the extension is^ X ~ 8 ft. The 
h. 10.25 

ratio — — — 1.71, whereas tbe ratio indicated by the 

\ 6.0 

equal iun is 5/‘3=1.6T. The agreement l>erween the two is as 
close as can be expected, wben it' is remembered that tbe ex- 
perimental spar is not of uniform section. 

Kow if the stmt ia so placed on a spar as to avoid the node 
of any low bamonie, the spar is compelled to vibrate (if it 
vibrate at all) in the manner described above. This has two 
sdvantages ; — 

1. Tbe nstnral vibrations of tbe spar are less likely to 
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Comparative Merits of Dixie Magnetos and Delco Battery Ignition 
System When Used on a Liberty "12” Aero Engine 


To determine the comparative ability of Dixie magnetoe 
and the Deleo battery aystem to keep spark plugs firingin tbe 
Liberty engine under advene conditions and to determine tbe 


« in resultant power output with 


e petcocks by means of rubber tubes. The fcUowing 
ere then made under the conditions aamed above; 

«ai» No. 1 — One-half hour with Delco ignition at idling 
speed, feeding 1 gallon of oil from tbe calibrated tank. 

Run No. 2— A repetition of the first run, but using tlie Dixie 
magneto ignition. 

Hun No. 3— One hour at fuU throttle, using Delco ignition 
and feeding one gallon of oil into the manifold as in the 


DotcripUan 

Deleo Battery System— The ignition system used for tbU 

of a battery, a generator, two coils, and two distributor beads, fofd''DetoLte'^h*of ‘ 
each distributor bead firing one set of 12 spar* pings. It m »'<1 ,«* 

mannfaetured by the Dayton Engineering Laboratories Ck>., of 
Dayton, Ohio. 

Dixie Magneto System— Two model 1,200, 12H5ylinder Dixie 




-One hour at full throttle similar to tlie tUrd 
Dixie magneto ignition. 

..j results could be obtained by dis- 


one cylinder, and the oil was fed through them into the cylin- 
ders. The following runs were then made; 

Him No. 8— One-half hour at idling speed, nsing Dixie 


"TZ:^iTX i7S5.r4ss!l°;i"fh, 


mounted transversely a 


Oie r 
•e driven 


splined end of the 

crankshaft through two helical gears. The method of mount- 
ing is almost identical with that used for driving tbe Dixie 
mspxelos on the 300-borsepower Hispano-Suiaa 8-cylinder 

Method of Tea 

Tbeei 
in the Cl 


ajrfy '“Whe“n/h^”ror 


into four petcocks only, n 


o an electric cradle _ _ . 
Testa were first conducted to deter- 
n fouUng of spark plugs -when used with 
- -o determine this tha engin. 


c completed an at^pt w 


IS No. 6, but nsing Dixie magm-to igni- 


b.buuuv bus sugms „ , .... for bcst power at each speed, usmg 

turn for one-half hour . „ - - 

fti«» No. 9.— Same as No. 8, namg Dixie ignition. 

Except as above noted, the power curves were made accord- 
ing to the standard laboratory method Power Plimts Ra- 


magneto and battery ignitii 
was nm with each ignition system 

at idling spaed and 3um one hour at normal spaed under full 
throttle operation, allowing one gallon of Inbrieating oil to 

flow into the intake aystem during each run. For the idling -i, . . . .. , ... 

tests tbe Deloo waa run with one switch off and the ignition P»g No. 69), the carbureter controls bang set for h< 

fully retarded, whUe tbe Dixie ignition was operat^ with ^o™>*noo at each speed, 

fixed sparie, 30‘ advance. For the full throttle runs both . _ 

ignition ^sterns were eet to 30* adv ~ «/ T~, 

from a calibrated container, tbe an _ . „ 

r^rulated by means of a valve. A ran was fliat mads fee^g noted that plug fouling 
tbe oil into tbe air horn of the carbniator, but it was found was about the same for I 

that the oil was not soeked in to tbe eylindeia by this method, appear 
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Dixis-Dci/00 CoMPASisoH Tsn 

Tcft rtmlU, phtf fotUiitf rMiw 
ONE-HAl^ BOtTB (BAGHVtO lONlTION). FIBBT BUN 



At tbe eod of tbe no only four eylinden were firiog per- 
fectly. Seven more were firing on one plog end one wee not 
firing at ell. 


UOUB (BATTBBT IGNITIONJ, 8BCOND BUN 




T-p. 


oa 



(“o 


Wod« 



“ 

120 


10 


At the end of the run 11 of the cytindere were firing, 7 of 
them perfectly, 4 were firing on one plug end 1 cylinder was 
not firing at ^1. 

ONB-uouB (ueoNrro ignition), thibd bun 



tem, Tbe power runs show that the magneto ignition gave a 
little bit more power both on the one-hour run and the ran 
with set spark. To offset this, however, it shonld be noted 
that on the last power run with the battery ignidon and spark 
set at each speed the power obtained was much higher than that 
which was obtained on any previons run, either with magneto 
or battery ignition. It is therefore oonelnded that spark plog 
foulii^ and power output is the same for both systems, within 

CircvZor. 


The Crawford Sport Plane 

The Crawford single scater sport plane was designed pri- 
marily to see if a machine of smaU dtmenrions coold be built 
that would be stable enough for tho average pilot. It proved 
out very well, being ezceptionally stable, thou^ very sensi- 
tive, to tbe controls. The get-awsy is surprisingly rapid, 
owing to the high thrust of 400 lb., compared to tbe loaded 
weight of 050 lb. This takes the maehine into tbe air at from 
50 to 100 ft. 

The general dimensions arc: span, 18 ft.; chord, 4 ft.; 
overall length, 14Vh ft; weight, 600 lb.; power plant, 50 hp. 



All plugs firing. 

ONB-HOUB (BATTEBT IGNITION), rODBTU BUN 


Rkab View or the Cfawpord Sport Pi,ane, Fitted wrtB 
A 60 HP. Gtbokotor 



All plugs firing. 

FULu Power Comparibon Table 



Oh»«rva*»oiu During Taw 

During the runs when oil was admitted, tbe engine ran well 
except for the spark plug fouling already noted. No trouble 
was experienced in tbe full power runs with either system. 

AnalynM o/ iiaruhs 

When the engine was ran at idling speeds, tbe pings foaled 
squally, no matter what system of ignition was ni^.> Tbe 
difference in power output on these runs is accounted for by 
the fact that tbe run with tbe Deleo system was made with the 
spark fully retarded, while tbe run with Che Dixie system was 
made with tbe spa^ fnlly advanced. During the one-hour ruus 
Bt full power, none of the plugs ceased firing with either eya- 
tam, the oil merely burning on the plun to form oartMn. The 
resultant carbon deposiu were about Che eame with either ays- 


g loading, 5 lb. per sq. ft.; power 
iiig, 13 lb. per hp.; liigh speed, 100 m.p.h.; landing speed, 
5 m.p.h.; the top plane is set at a 4 deg. angle and the 
rcr at 3V^ deg. incidence. The top plane is set straight 
d the lower at a 2 deg. dihedral. Tbe stagger is 19 in. 


Climb, 1,400 ft. a min. 




Iloor. 


e fuselage ai 
ured with th) 
wiring in these eerlioi 


e ply birch van 
B well 


3 forming t 


f Dep type, 
post — also a i 


.... e is a slightly nlterod n. S. A. 4. Tt 

are of spruce, ribs of 3/lfi in., three ply birch. F 
safety in wings and wiring 20 to 1, All struts are 
tubing, as well as the landing gear, which is rigid a 
with 20 X 4 wheels and tires, Control is o* '' — * - 
skid is a leaf spring, fseUned at the si 
tube. 

The Crawford sport piano baa attracted s great deal of at- 
lentron and draws a crowd whenever it appears on the field. 
It will not be put on the market but will be used solely for 
exhibition work, u the roUry motor which does not throttle, is 
not advisable for a sporting plane. 

Its constnietors, tbe Crawford Airplane Co., 

Cal., are at present deaigning a 
plane, which wiU be fitted w?*'- 

The designer of this new mi 

aviation since 1910, having flown nearly all of the eariy types 
as weU as many o' - ’ •’ . . . - - 


loru Airplane lk>., ol veniea, 
; a alightiy smaller and lighter 
;th a 2-eyl. V motor of 25 hp. 
chine, C. 0. Freat, has been k 
nearly all of the earl 
msehinea. and has d 
leeefnl ships. 


$1,250,000 for Air Mail Service 
The Poet Office appropriation for the fiscal year 1920-21, as 
finally approved by Congress, providee $1,260,000 for the Air 
Mail Service. This sum will permit the establishing of an sir 
mail line between New York and San Francisco, via Chicago 
and Omaha. 


Notes on Major Schroeder’s Altitude Plight ' 


Major Bohroedor's successful altitude fi^ht was the result ot 
a long series of important testa in engineering development 
by the Engineering Division, Air Service. This aeriee of testa 
have diseioeed problem after problem which bad to be o 
come in some manner before further advances could be m 


“'^•he”problei"of' providing a drain valve to let the .... 
out of tbe radiator at high altitude in case the engine stopped, 
so that the engine and cooling system would not be ruined by 
tbe water freezing and, at tbe same time, it was necessary for 
this valve to be arranged so that it would not itself freeze, thus 
impossible to operate it. 

vent and design special goggles 
n the intense cold at these great 

heights. 

A special instnimcnt bad to be developed to show the pUot 
how to handle bis exhaust bypass gates, or, in other words, how 
to control the superohatger pressure in his carburetors without 
the need of making any calculations. 

The Engioeering Division has been most fortunate in having 
Major Sehroeder to pilot the airplane throughout the super- 
charger development tests because he is, in addition 

a Burpaasingly good pilot, an excellent = — ‘• 

is one of the few piloU who can really 
know wl ' . H-! j _.i.- 


know what an engine is doing and what it 
way, he has helped the development immem 
Considerable trouble has always been eno 
ignition when running i ' 
the air delivered to tbe 


in an airplane snd 
needs, and, in this 


vided 


•o reduce the pre-ignition which it was expected would 
ountered on this flight, a specially prepared fuel was pi 
ed by Thomas Midgely, Jr., who has been develop! 
iti-knook ” fuels for Mr. Kettering. This fuel proved to 


apparatus did n 


bottle at about 18,009 ft, and realized 
rt but thought it would last long enough 
ililish his record. However, probablv due to 

■ -■ - ' ■ Major 

This, of 


t of exhaust gas he was breathing, Major 


s ^ways been encountered from pre- 
' supercharger, due to the fact that 
retor is at very high temperature. 
Future designs of superehaigers will provide additional inter- 
eooUng between the compressor and the carburetors. The fuel 
feed system bad, prior to Major Schroedor’s record flight, 
operated quite satisfactorily but, in spite of this fact, it was 
necessary for Major Sehroeder to close tho vents in his gaso- 
line tank and pump some pressure in them with a hand air 
pump in order Co help the fuel pomps deliver tbe fuel at the 
extreme altitudes. 

expeotod would be 
developing 


the large aj 

Sehroeder h . - 

se, resulted in bis reaching the end of his i 
be expected. It is believed that bis sudd 

I was due more to tbe poisoning iron) me ex- 
le effect of tbe lack of oxygen. 

It is an interesting fact that tbe instrument which allows the 
pilot wbot pressure bis supercharger is delivering to the car- 
buretor, showed a pre°8ure sometbhig close to that of sea 
level even when he was at the highest point of the flight. The 
operation of the supercharger was excellent chrougjout tbe 
flight and it was found to be in good t'onditinn afterward. 

Major Sebroeder states that be Actually reached w*anner tem- 
perature at the top of his climb. The coldest tompeniture re- 
corded was about —07 deg. Fahr., and two or three ihousand 
feet higher, at the top of his climb, the temperature was 4 
deg. higher. He eneountcred the usual strong west wind 
wiiieli has been in everv case encountered at oltiludes above 
2.'), 000 ft. lie believes tbe velocity of this wind to be close to 
175 m.p.h., judging by the rote at which it drifted his machine 
eastward even though he was headod west ond climbiog at an 
extraordinarily high air speed, due to the use of tbe super- 
ebarger. It is regretted that figures on these speeds cannot be 
— — 1 for publica'- — 


..m the ground on a clear dav such as the day in 
lajor Schroeder’e fli^t was mode. TliU results in ic 


Failure of Oxygrn Supply 


r. Kettering. 

„ ji this flight as it eau 

much more smoothly than it would otherwise have done. 

The Bupercliarger used by Major Sehroeder was the old 
original General Electric supercharger designed by Dr. San- 
foA A. Moss and originally tested on Pike’s Peak in 1918. 
Therefore it is not surprisiug that no good means had been 
provided for blowing off the exhaust gases which issue from 
the turbine, consequently throughout all flights, tho exhaust 
gas had botbered the pilot to a certain extent, due to the foot 
that it sweeps past bis face. No way has been found to date 
to entirely carry the exhaust clear of the occupants of the 
machine. On this record flight, it seems that the gases ex- 
panded more rapidly as they issued from the turbine in the 
thin sir at grent altitude and in even larger volume swept past 
the pilot’s face and, judging from the doctor’s report, it seems 
that the carbon-monoxide poisoning gave Sehroeder more 
trouble tban the lack of oxygen. 

Id military work, an automatic oxygen feed apparatus is 
provided for the pilot which regulates the amount of oxygen 
ui proportion to altitude so that the pilot need not think of 
making any adjustments. Major Sebroeder bad been in 
habit of using a aimple rubber tube from the neck of — 
oxygen flask to his mask in such a manner that he conld adjust 
the flow by band as he has often had trouble with tbe oxygen 
freezing up and stopping at high altitndes. On his record 
flight he knew he would be up for a long time and desired to 
use the antomatie apparatus as long as be conld end believed 
it would work to about 29,000 ft. He therefore took one bottle 
of oxygen connected through the^ automatic^ox^^ ti 


When Major Schroeder’s oxygen supply Anally failed, he 
raised his goggles in order to see more clearly to try and 
“ coax ” some more oxygen from one or the other of his tanks 
and at this moment, unconsriousness suddenly overtook him 
but not before be reached for bia switch and put the machine 
into a spiral. He intended to moke one steep spital which 
would bring him down to about 20,000 feet above tho ground, 
where be expected to recover, but, although be believed after 
his foil that he had eucceeded in doing this, as a matter of 
fact, tho plane fell like a shot pigeon down to about 3,000 
ft. above the ground, where Sebroeder regained eousiiousnesB, 
righted the plane and allhougb he was still semi-unconseioas 
and eould scarcely see at all due to the chiUing of hii eyes, he 
had the presence of mind to open tbe vents in his gasoUne 
tanks so that the engine would continue to get fuel and run. 
It happened that he succeeded in getting only one switch in- 
stead of two, which aro present in ^1 Liberty ignition systems, 
therefore his engine bad been running practically wide open 
throughout this fall. This kept the water from fnjezing in 
tbe cooling system and ^ave him the use of tbe engine after 


The daily papers have b 
velous landing in spite c 

laid here about that. How 


’ to note that the gasoline tanks which probably had a plus 
prssenro of several pounds in relation to the snironiiding at- 
: of moepbera at the top of the climb, bad collapsed, that is, three 
out of four of them had coUansed. one of them almost totally 


d collapsed, tl . , 

. of four of them had collapsed, one of them almost totally 
due to the foot that at tbe bottom of the fell, conditions had 
changed so that there waa a minus pressure inside of several 
pounds. This is why it w 
open tbe vests in the tanks in order to be able I 
the engine to get to a snitoble place to land. 

The military value of the superebatger will be very great. 
It will greatly isorease the speed of -airplanes at altitudes, 
enable them to go much faster than they ean near tbu ground. 
It will not be useful for extreme high altitude photography 
beeanae the photographer will not be hampered by atUok if the 
plane goes high enough. An airpleiie with snpenihu^ed en- 


•VIATIOI 


KUy L 


gin« will be vetueble to earr^ dispatcbee or a hi^h rankiii^ 
oSoer over ^reat diatances in a very abort time. Bspex- 
ehargera, when applied to heavy bombera, will enable this type 
of machine to reach a eriling; well above enemy anti-airmft 
^n fire and in fighting planea, aaperehaTgerB will greatly in- 

Comi^rcia] use of aoperebaigers will be (o enable heavy 
paaaenger or eapre an carrying airplanes to climb over the 
highest mooutains or over thunder slorma with the use of 
comparatively low powered and low priced engines; witboat 
the anpcrcharger very large engines would have to be installed 


high altitndae. Thi» b largely a 




uatain the airplane at 
ssary if snperrbaigen 
rying airplansa can be 
provided with a anpercharger and an air-tight cabin for the 
paaeeiigers eo that the eupereharger eon keep the air in this 
cabin at a density and tmoperature which will make it prac- 
tically comfortable for all passengers, end, st the same time, 
the sirplene can fly at extreme eltitndes at very mneb greater 
speeds snd speed, after all, b one of the chief advantages of 


Relative Merits of Biplane and Triplane Wing Structures' 



;ss-siir-Vt2*eS 


.. .B prop^d here to ronsidcr only the eelusl number of 
the lifting surfaces, and more particularly biplane and triplane 
systems, as the monoplane has rather a limitM Held, while it is 
extremely doubtful whether mulli-plsnes having more than 
three planes will ever be rerjuired. 

In rorvsidrring the reirttive merits of monoplane, biplane, 
and triplane wing sinietures, it must be realited at the outset 
that no one of these wing arrangements will be suitable for 
all sizes and rlasses of marhinea. 

Some of the alvantsges snd disadvantages of the vanous 
types sre perfectly deflnile, while olbera, especially whi 
tnaehine is intended for eommereial purposes, are 
nnrertnin and depend largely upon tne size, partrculsr oi 
which the machine b pot. rountry over which it operates, 
the shedding arcummudation or cargo space. The que 

Considering, as a starting point, a twu-seater fitting 
machine, having an overall weight of, say, 29(H) lb., a power 
loading of 9.5 lb. per hp. and a wing loading of 8 lb. per 
sq. ft., it would be t'<mnd that appro imately similar perform- 
ances could be obtained with either a monoplane, or biplane, 
wing structure. Lateral handiness woul t not be mueb differ- 
rnt, as the aspect ratio of the monoplaiir could be reduced 
owing to its superior wing efilrienry; any difference being in 
favor of the biplane. 

If a iDachine of similar type and overall weight be designed 
for eommercial work, the power loading would probably be 
about 15 lb. per hp. and tlie wing loading 5.S lb. per sq. ft. 
This ease would certainly call for a biplane wing structure, as 
the wing weight and span would be excessive in the monoplsne 
and its lateral control poor, while fur an equal de g re e of longi- 
tudinat stability a larger tail wonld be necessary.* Borne 
approximations as to the value of these differences are given 

As the size of aircraft increases, the question of keeping 
down overall dimensions and obtaining adequate maneuver- 
ability becomes increasingly important and difficult of attain- 
ment. It is, of couiwe, unneeesaary to have tbe same handinees 
in a machine intended for eommercial purposes as in a wax 
tnaehine, though this does not mean that it is not equally desir- 
able. 

It ean be shown that if tbe scale of any wing stmeture be 
increased, keeping tbe aileron area the same fraetion of tbe 
wing area and of similar abape, Chat the ratio, aileron torque 
moment of inertia of wing stmeture (using the term “ aileron 
torque " to express the turning moment abont t^ axis of the 
machine 'due to a given angular movement of the machine) 
deereaaes. This is accentuated by tbe fact that the wing weight 
per square foot of surface incressee with increase of scale. 

A size of machine ia therefore eventually reached which is 
very ainggish laterally and while this, aa stated above, does 


not matter very much while actually flying, it is still necessary 
to have as much rontrol as possible for landing purposes. 

Tbis variation in lateral control can perhaps best be indi- 
cated by com|iaring a monoplane, biplane, and triplane of 
equal lift and equal aspect ratio, assuming that ailerons of 
similar proportions sn fitted to all wings, and that the lift 
co-efficients for monoplane, biplane and triplane are repre- 
sented by 1, .9 and .8, respectively. 

• •• . following values approximately bold; 
[onoplanel; Biplane ,745 ; Triplane .645 
' ' — ’ • "iplane .6 ; Triplane 


'l; I 


Wing span 

Moment of inertia. 

Aileron torque. ., .Monoplane I ; Biplane 
.Aileron torqne/Moment of Incrtii 
1.83; Triplane 2.48. 

Thus a triplane has considerably 
and much grratcr lateral control. Also for a given amount of 
longitudinal stability tbe triplane will require a smaller tail 
area than tbe biplane (actually about 75 per cent of the area), 
or^eonverscly. for equal tail areas, a shorter fuselage will 

Cousidcreil from a structural and production point of view, 
B considerably more complieated. 

1 details, it is fairly obvious that 
e following points: 

(A) Fewer separate parts. 

(B) Simplified erection. 

(C) Lower cost resulted from (A) and (B). 

(D) Slightly lower wing weight in the smaller sizes. 

(C) Slightly more efficient wings. 

(F) Bather better view in the usual tractor machine. 

The points in favor of the triplane are : 

(Cp) Lower weight of wing structure in the Isiger sizes. 
(H) (*onsiderably reduc^ overall dimensions (except 

Considerably greater lateral control. 

- (A) to certain extent does not hold in Urger sizes 
• uiK lu the greater number of similar parts (bat obtain in a 
iplane, and owing to tbe fact that qncstions of transport 
nit the size of in^vidual planes. 

(C) follows (A). 

{wire multi-engined machines. 


Consi 


tberefc 
matter of fa.. _ 
larger triplanes, 


B, tbe 


latter ia practically compulsory 
... ... .w,v .. uuu dimensions alone, even at the 

expense of some possible disadvantages in other directions. 

It seems as thoimh a biplane stmeture is more satisfactory 
than a monoplane for e\-en the smallest single seater machines, 
especially if the upper wing is made considerably Urger than 
the lower. It remains to attempt to give some indicatim aa 
to where tbe dividing line occurs, altbongh this line is rather 
indefinite. 

It seems from current practice that machines up to about 
12,000 lb. groea weight can be constructed which will give 
eatisfactory performances, and having overall dimensioDS 
within measurable limits. 


rajsrssss; 


all praeticable, a triplane construction is, on ...... 

It is obvionsly difficult to decide what will prove to be moat 
satisfactory for any given machine which is on tbe border line 
udieated without aetuaUy designing alternative tnaohinm ; and. 
even then it may be ne ctasa ry to build experimental d- '-' - 
to get a final deeiaioti. 
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“All good airplanes are Valsparred, so why not mine? 
Yes, it was Valsparred from tip to tip.” 

So declared Major R. W. Schroeder, a few days after his 
memorable altitude flight of February 27th. 

Think of the terrific vibration as the plane plunged down- 
ward at the rate of 300 miles an hour — her supercharged 
engine racing full speed! 

Think of the abrupt change of temperature from 55 de- 
grees below zero, when the dive began, to 19 de- 
grees above, at the landing— 7 4 degrees, in a few moments ! 

What a gruelling test for varnish! What a complete Iri- 
, umph for Valspar! 


VALENTINE’S 

l^SPAR 

VALENTINE & COMPANY 

New York Chicago Boston Toronto 

■“ The VAfiiish That Won’t Turn White 

W. P. FULLEB A CO.. PaeiSc CoaK 
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oDtractons to tbe Army, 
Navyand-AirMailvService: 
L w r Engineering Co-, inc.. 

College Point- -New York.- 
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AVIATIOl 


ATLAS WHEELS 


Are daily gaining in favor 
with manufacturert and 
pilots of aircraft bocausar 

They Absorb Shocks 
They Are Stronger 
They Are More Reliable 



Standard Sizes Carried in Stock 


Inquiries and orders will 
receive prompt attention 


THE ATLAS WHEEL COMPANY 

Rockefeller Building; 
CLEVELAND - OHIO 



The Yale & Towns Mlg. Company 
Stamford, Conn. 


**The Spark Plug 

That Cleans Itself** 



*'Tha Plug with the Infinite Spark” 


BRfWSTER-COLDSMlTH CORPORATION 

33 GOLD STREET. NEW YORK CITY 


Venus 


AVIATION 
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Every Element of Perfection 
in Construction and 
Design // Incorporated in 

PA RAG ON 
PROPELLERS 



There is a Special Paragon 
for YOUR Machine 


“RYLARD” 

■T-HIS SPECIAL VARNISH was adopted Uy 
^ the British Air Ministry in 1916 as bein;; 
ilte premier Varnish for Aircraft work. Tlic 
whole of the output of “Rvlaro" produced 
front our S|>ecially increa-ced plant was taken by 
the Air Ministry and delivered to llic varioiiH 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has piven every 

Tlie most suitable Varnisli 
for 

AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 

It Dries Ouickly. will not Bloom, Crack, or Blister. U 
Impersioui to Oil. Petrol,. Sea Water, etc., and is 
unaffected by San or Rain. 

AMERICAN BRANCH: 

Llewellyn RylandCoeof America 

04 East Van Buren Street. CHICAGO, U. S. A. 


Mar L 1»30 


AVIATION 



FREDERICK W. BARKER 

BEGISTERED PATE?fT ATTORNEr 
2 RECTOR STREET NEW YORK 

Telephotu 4174 Rector Over 30 Yeare tn Praetiee 


Pbesidext 

Abbonactioai. Soctett op Amkbica 
FROM 191S TO 1919 

SPECIALTY-. Patent Claims That Pro\ 


THE QUALITY GOES IN BEFORE THE NAME GOES ( 


Hamilton Propellers 

HAMILTON AERO MANUFACTURING COMPANY. MILWAUKEE, WISCONSIN 
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Fahrig Anti-Frictioii Metal 


The Best Bearing Meta! on the Market 
A Necessity for Aeroplane Service 



Fahrig Metal Quality baa beconu- a stand' 
ard tor reliability. We epecialue in thli 
one tio-copper alloy which baa euperior 
aoti-frictioB qualitiea and great durability 
and ii alaraya unifonn. 

When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 

FAHRIG METAL C0,34 Commerce St,N.Y. 


Ahminum Company of America 

Coaersl Salas OSes, 34S0 OUw Boddinf 
PITTSBURGH. PA 


Producers of Aluminum 



Electrical Conductors 

for Industrial, Railway and Commer- 
cial Power Distribution 


Ingot, Sheet,T ubing. Rod, Rivets, 
Moulding, Extruded Shapes 

•Iss 

Litot Aluminum Solders and Flux 

CANADA 

Nortbeci) Alaminom Co., Ltd., Toronto 
ENGLAND 

Noctfaero AliumniiiiD Co, Ltd, London 
LATIN AUBRICA 

AlnnUnnm Co. o{ Sooth America. Pitteborgh, Pa. 


An Unusual Opportunity 

To Complete Your Files of 

Aviation and 
Aeronautical Engineering 

We have a limited number of bound volumes covering the period from August 1, 1818 
to January 15. 1919, containing in every issue aeronauticail engineering information of 
fundamental value. These volumes ccenprise a complete record of the science of avia- 
tion during the period of the great development of aerial warfare. 


VOL. I 
VOL. II 
VOL. Ill 

voi- rv 
VOU V 

e following seta not boun 
VOL. Ill 
VOL. IV 
VOU V 
VOU VI 


10.00 

s.oo 

5.00 


3.00 

3.00 

3.00 

8.00 


VOU vn . , . 3.00 

THE GARDNER. MOFFAT COMPANY, Inc. 

22 East 17th Street New York City 
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A Heritage of Traditional 
Thoroughness for Aviation 
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